Laparoscopic ultrasound is mandatory to localize these tumors intraoperatively. Despite extensive experience in highly specialized centers producing encouraging results, no randomized trials have been realized to conclusively validate these case series, this partly due to the rarity of insulinoma in the population. In this article we present the current state of laparoscopic management of insulinoma delineating still unanswered issues and we underscore some of the technical details of the most common laparoscopic procedures employed.
INTRODUCTION
Pancreatic neuroendocrine tumors (PanNETs) are a rare group of neoplasms that originate from the endocrine portion of the pancreas. These tumors are further classified depending on whether they secrete compounds, resulting in symptoms, into functioning and non-functioning PanNETs. 1 Insulinoma was the first PanNET to be identified nearly 90 years ago and it represents the majority of functioning PanNETs. The name denotes the tumor's biological behavior and propensity to secrete considerable amounts of insulin, leading to clinical manifestations of hypoglycemia.
PanNETs as a whole constitute only about 1-2% of pancreatic tumors. 2 Taking this into consideration, it is not surprising that attempts to estimate insulinoma incidence in the general population have been beset with difficulties. Studies based on autopsy reports have indicated that clinically indolent insulinomas are exceedingly rare. 3 Most epidemiological information regarding the incidence of insulinomas in the general population is derived from Olmsted County, Minnesota, USA, and a retrospective study spanning six decades where incidence of insulinoma was estimated at 4 cases per million per year. 4 Of note is the upward trend in incidence in the last two decades of the study. This upward trend has been observed as regards several varieties of neuroendocrine tumors of the digestive tract, most likely indicating a refinement in diagnostic techniques.
Based on available patient series, there does not seem to be a predilection concerning sex, with insulinomas afflicting both genders equally. When sporadic (approximately 90%), insulinomas tend to be solitary tumors that can be treated effectively with limited resections. 4 By contrast, in multiple endocrine neoplasia (MEN) type 1 syndrome (4-10%) insulinomas tend to be multiple, have malignant potential (up to 25%) and usually require more complicated and extensive resections of pancreatic parenchyma. [4] [5] [6] Conversely, approximately 10% of patients with MEN1 syndrome develop insulinomas.
Although sporadic insulinoma may occur throughout life, the mean age at presentation is 47 years (range . 7 In MEN1 the mean age at presentation is lower, at 25 years or less. Anatomical distribution may vary throughout the head, body and tail of the pancreas, but they are predominantly located in the body and the tail. 4, 6, 8 The majority (90%) have a diameter smaller than 2 cm, whereas malignant tumors are usually over 3 cm. 9 Due to the fact that symptoms of hypoglycemia dominate the clinical picture early in the course of the disease the majority are small at the time of presentation and amenable to surgical resection.
Clinical suspicion of insulinoma is warranted in cases of hypoglycemia related symptoms, with approximately 75% of patients reporting symptoms in the fasting state. 10 However, postprandial hypoglycemia can occur in conjunction with fasting hypoglycemia and in a minority of patients may be the only symptom. 11 Symptoms are categorized into the neuroglycopenic type, which result from dysfunction of the central nervous system due to a lack of glucose, its primary energy substrate, and the sympathoadrenal type which occur as part of the stress response and the subsequent release of catecholamines. During episodes of hypoglycemia patients may experience blurred vision and exhibit erratic behavior. Due to stimulation of the autonomic nervous system, diaphoresis, palpitations and excitability are all common presentations. 11 In extreme cases excessive hypoglycemia may result in seizures and a comatose state.
Historically, Whipple's triad has summarized the clinical picture and diagnosis of insulinoma (induction of the symptoms after fasting or exercise, a plasma glucose <50mg/dl when symptomatic, relief of symptoms after administration of oral or intravenous glucose) and is still employed today to diagnose hypoglycemic disorders in non-diabetic patients. 12 Diagnosis of an insulinoma is dependent on documenting inappropriately elevated levels of insulin in the setting of low circulating levels of glucose. Specific criteria have been developed dependent on blood based tests to confirm the diagnosis. 13 Once a state of incongruent hyperinsulinemia has been diagnosed, localization studies are necessary to visualize the tumor.
Therapeutic strategies for both benign and malignant insulinomas typically involve surgical management and/or percutaneous ablation of lesions, and in the case of metastatic disease chemotherapy. 13, 14 The first surgical procedure for the treatment of insulinoma was described in 1929. 12 Depending on lesion localization and extent of disease, surgical options include enucleation and/or excision of pancreatic parenchyma. Before the advent of minimally invasive surgical techniques and advanced imaging modalities, even simple enucleations in readily accessible areas of the pancreas entailed exposure of the pancreas through large abdominal incisions. Not uncommonly, difficulty or uncertainty in intraoperative identification of lesions leads to conversion of a relatively simple procedure such as enucleation to extensive procedures (e.g. Whipple's procedure) with high morbidity and mortality. Laparoscopic surgery and preoperative and intraoperative imaging modalities have completely transformed the treatment of insulinomas. Preservation of the pancreatic parenchyma is currently considered mandatory, as insulinomas have an excellent potential for complete cure after surgical excision and because most are small, solitary and benign. 4 A combination of preoperative imaging tests (invasive and non-invasive) and intraoperative ultrasound have made laparoscopic procedures for insulinoma technically feasible and safe in centers with a high level of expertise. Here we summarize and comment on current advances in the laparoscopic management of insulinomas.
LOCALIZATION OF THE TUMOR
After detection of inappropriately high insulin levels imaging techniques are used to verify and localize the presence of a single or several insulinomas. Preoperative localization of the insulinoma is of utmost importance in the management of these neoplasms, since their location in the pancreas, their number and their relationship to important anatomical structures are the most important determinants of the surgical procedure selected. Traditionally, blind distal pancreatectomy used to be the standard surgical procedure when a tumor could not be visualized and/or palpated intraoperatively. However, advanced localization techniques have rendered blind resections for small and benign insulinomas obsolete. 15 As previously mentioned, insulinomas are usually benign and most patients remain disease-free following successful excision, even after prolonged follow-up. Therefore, extensive pancreatic resections are not currently indicated in these scenarios due to the associated perioperative and postoperative morbidity and mortality of such procedures.
Several invasive and non-invasive imaging modalities are currently available and to a large degree choice of imaging test is dependent on local experience, availability and patient preference. Imaging studies provide crucial information regarding the location of the tumor, the extent of local invasion and the presence of metastatic lesions. The imaging studies include invasive and non-invasive tests for the preoperative localization of the insulinoma and laparoscopic ultrasound for intraoperative localization.
Non-invasive tests include spiral computed tomography (CT), magnetic resonance imaging (MRI), transabdominal ultrasound (US), pentetreotide scintigraphy and positron emission tomography (PET) with fluorine-18-L-dihydroxyphenylalanine. In certain cases, a transabdominal US is the first test employed due to its universal availability, low cost compared to other techniques, lack of radiation exposure, patient compliance and ability to evaluate possible abdominal metastasis. Major drawbacks include its dependence on operator expertise, difficulties in evaluating intra-abdominal structures in the obese patient and declining sensitivity with small diameter lesions (<2 cm) and with tumors located in the tail of the pancreas. 16, 17 However, in certain high-volume centers detection by contrast-enhanced transabdominal US has been reported to be comparable to detection by conventional CT. 18 CT is the most commonly used non-invasive preoperative localization test. Contrast enhancement is routinely used and insulinomas are usually visualized as rounded, well-defined lesions. Previous large-scale studies evaluating CT sensitivity in insulinoma detection have yielded modest results (approximately 70%). 19 However, developments in CT technology have drastically changed its usefulness as a first-line option in preoperative detection and previous modest results are probably not indicative of the current state of the technology. Dynamic CT has supplanted conventional CT scanning as the modality of choice due its ability to better detect small lesions thus increasing sensitivity to over 80%. 20, 21 Large-scale single institution studies have documented considerable improvement of sensitivity with the adoption of newer CT techniques. 21 Added benefits of CT compared to transabdominal US include better visualization of the abdominal cavity in order to exclude metastasis or concurrent abdominal pathology and less subjective interpretation of imaging findings. Surgeons well versed in abdominal CT scans can also better visually comprehend tumor localization, thus leading to better preoperative planning. Obvious drawbacks include radiation exposure and in a small subset of susceptible patients severe and possibly life-threatening allergic reactions to the contrast medium.
MRI is an additional study that can be employed, with various rates of success reported in the literature. 22 Its major drawback is patient compliance, therefore limiting its use as a first choice. However, published results suggest that MRI is of particular importance in small diameter insulinomas that are not detected by transabdominal US and CT. 23, 24 In T1-weighted images insulinomas are low in signal intensity and relatively high in T2-weighted images ( Figure 1 ). 25 Scintigraphy with pentetreotide is of limited use in sporadic insulinoma, since most insulinomas do not readily express a large number of somatostatin receptors. Sensitivity is approximately 40-50% for insulinoma, but it is of use in hereditary syndromes such as MEN1 where there is a high likelihood of other PanNETs. 24, 26 Invasive tests include endoscopic ultrasound (EUS), selective angiography and selective arterial calcium stimulation (SACS). Selective angiography was traditionally employed in previous decades as the gold standard for preoperative localization. 27 Introduction of non-invasive techniques with similar or superior diagnostic accuracy have rendered this modality mostly obsolete due to its invasive nature and potential for severe morbidity.
The SACS test constitutes an evolution of traditional transhepatic portal venous sampling. During this procedure, calcium gluconate is injected into the gastroduodenal, proper hepatic, splenic and superior mesenteric artery and hepatic venous blood is collected for evaluation of insulin levels. 28 Selective catheterization of the aforementioned vessels permits reliable localization of insulinoma. However, anatomical variations of these vessels, which are not uncommon, can confound interpretation. 29 SACS is of considerable importance in cases where other imaging modalities have failed to identify an insulinoma. In addition, it can be employed to distinguish between insulinoma and other very rare causes of hyperinsulinemic hypoglycemia such as nesidioblastosis. 30, 31 This test can distinguish whether insulin secretion is localized (as in the case of insulinoma) or spread throughout pancreatic tissue as in nesidioblastosis. Several reports have mentioned high levels of sensitivity reaching in some cases 100%. 15, 28, 32 Obvious drawbacks include complications related to arterial catheterization, lack of availability and need for technical dexterity. EUS, with reported sensitivity frequently over 80%, 13, 26, [33] [34] [35] is gradually gaining acceptance as an important adjuvant in preoperative evaluation of insulinoma and is considered the invasive test of choice if other non-invasive tests have failed to identify the tumor. EUS permits identification of lesions as small as 5mm in diameter. 33 As is also the case in pancreatic adenocarcinoma, EUS yields important information regarding the lesion's proximity to major anatomic structures such as the major pancreatic duct and splenic vessels. 36 EUS has been reported to be most accurate in tumors occurring in the head of the pancreas, while tumors at the tail are hardest to localize. 37, 38 Added benefits of EUS include the possibility for fine needle aspiration and cytological examination in circumstances where the diagnosis is in doubt and preoperative tattooing of the lesion/lesions to further assist in intraoperative identification ( Figure  2) . [39] [40] [41] [42] Furthermore, EUS guided alcohol ablation of insulinoma has been reported in high-risk surgical patients with encouraging results. 43 Disadvantages of the technique include the need for adequate patient sedation and operator subjectiveness.
Currently there are no universally accepted guidelines as concerns preoperative imaging. Previous reports regarding non-invasive techniques have mostly involved older technologies that are steadily being replaced. In the case of CT and MRI, previous disappointing results are most certainly a reflection of that fact. Retrospective studies frequently included tests conducted by both multidetector and single-slice scanners, thereby probably underestimating the diagnostic utility of CT. 24 At our institution, in sporadic insulinoma where lesions tend to be solitary and benign we routinely utilize dynamic abdominal CT scan as the first imaging modality due to high patient compliance and its potential to recognize metastatic disease. We prefer to bypass transabdominal US based on the fact that transabdominal US images are not as readily intelligible as CT images for the surgical team. In addition, dynamic CT scan has been reported to have higher sensitivity than transabdominal US and is not limited by the tumor's location in the body or tail of the pancreas. If CT scan fails to localize the tumor or if there are concurrent hepatic lesions that cannot be adequately visualized on CT, we proceed with an MRI as an adjuvant modality. As a second step, we universally employ EUS to better evaluate the tumor's location in relation to relevant anatomic structures such as the pancreatic duct and major blood vessels. EUS in addition allows for detection of lesions that may not be apparent on dynamic CT scan, especially at the head of the pancreas. Preoperative tattooing is always employed regardless of the availability of IOUS or a planned laparoscopic or open procedure. In our experience, in the overwhelming majority of cases these preoperative imaging modalities are sufficient for accurate localization and subsequent surgical planning.
In most cases, the combination of various invasive and non-invasive modalities suffices to accurately determine preoperatively the anatomical location of sporadic insulinomas. In MEN1 special attention is focused on evaluating the presence or not of insulinomas or other PanNETs in the head of the pancreas, since in most cases distal pancreatectomy will be the procedure followed, thereby obviating the need for precise localization of lesions in the body or tail of the pancreas.
However, in the era of laparoscopic surgery, preoperative planning has limitations during the actual surgical procedure. During the years before minimally invasive techniques, a relatively high percentage of insulinomas (as much as 10%) remained unidentifiable by bimanual palpation of the pancreas alone. 44, 45 Intraoperative ultrasound (IOUS) is an invaluable and irreplaceable tool when pursuing both open and laparoscopic enucleation. 15, 46 In open exploration, the combination of preoperative localization and intraoperative palpation and IOUS can achieve successful surgical resection in virtually all patients (83% to 98%). 15, 47 In a similar manner to EUS, it can relay information regarding tumor location and proximity to the pancreatic duct. 48 In several series its sensitivity in localizing insulinoma is higher than 90% and considered superior to preoperative imaging studies, it being able to detect lesions as small as 2-3mm. 15, [49] [50] [51] It is hence is easy to understand that in laparoscopic surgery where there is typically a loss of tactile sensation, IOUS gains even greater importance with results being comparable to IOUS in open surgery. [52] [53] [54] A lack of laparoscopic IOUS, despite positive preoperative identification, has been cited as an important factor in the failure to intraoperatively identify lesions leading to increased incidences of conversion to open procedure. 55, 56 It should be noted, however, that even though IOUS boasts higher identification rates than the preoperative setting, there have been reports where laparoscopic IOUS has failed to detect a tumor which was positively identified in preoperative imaging.
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DETERMINATION OF OPERATIVE TECHNIQUE
Surgical excision of insulinoma remains the treatment of choice. 4, 13, 14 Traditional resections and parenchyma-sparing resections or a combination of both can be employed depending on indications. Factors that dictate the choice of procedure and should be addressed preoperatively are a diagnosis or not of MEN1, the number of insulinomas, the tumor's size, location in the pancreas and anatomical proximity to the major pancreatic duct and major blood vessels, and the likelihood of malignancy. As previously stated, the majority of insulinomas are sporadic and in turn most sporadic insulinomas are solitary and benign. Therefore, parenchyma-sparing procedures such as enucleation and central pancreatectomy are frequently performed in the management of sporadic insulinoma. Conversely, in MEN1 patients, due to the fact that the disease is regularly multifocal, a different strategy is employed and a distal pancreatectomy is the standard of care with or without enucleation of masses in the head of the pancreas.
OPEN OR LAPAROSCOPIC APPROACH?
Over the last two decades, minimally invasive techniques have been employed in the treatment of PanNETs with various levels of success. 51, [58] [59] [60] [61] Insulinomas constitute a distinct category, since the majority are benign, solitary and usually small in size at the time of diagnosis (<2cm). Thus, common sense dictates that they are more amenable to laparoscopic intervention than other PanNETs. Despite the fact that insulinomas are the most common functional PanNET, they still remain a rare clinical entity and consequently even large volume centers have a limited number of cases that are managed laparoscopically. 51, 57, 60, 62 To our knowledge, no randomized control studies comparing open and laparoscopic management of insulinomas have been performed and are probably unlikely to be performed due to the paucity of cases. The majority of reports that attempt to make direct comparisons are retrospective in nature and therefore have certain limitations. 56, 57, 59, 63 Due to the relatively small number of cases there is difficulty in demonstrating significant differences in important issues such as complications rates. 19 Multicentric studies are plagued by interinstitution variability in preoperative management and expertise in advanced laparoscopic techniques. 64 In addition, heterogeneity in most of these studies renders comparisons between open and laparoscopic approaches problematic. 65 In certain large-scale studies, additional pancreatic pathologies are included thus making generalization of results difficult. 59, [66] [67] [68] Furthermore, since there are no randomized studies, these reports are susceptible to selection bias in regard to the patients who were chosen to undergo laparoscopic intervention. Of note is also the fact that laparoscopic management of PanNETs is still a nascent discipline and most published studies have been undertaken in referral institutions with considerable experience in neuroendocrine pancreatic surgery and advanced laparoscopic techniques and that have access to various preoperative and intraoperative diagnostic modalities. Hence, it remains unclear if their findings can be extrapolated to other institutions which have extensive experience in open pancreatic surgery and other advanced laparoscopic procedures.
On a practical level, pancreatic surgery is technically vexing for a variety of reasons. The pancreas has a retroperitoneal position, in close proximity to major vessels and with a very fragile consistency that renders it extremely vulnerable to any manipulation ( Figure  3 ). Laparoscopy adds another layer of complexity eliminating tactile sensation and thus rendering identification of anatomical structures harder. Obviously, these types of procedures require extensive familiarity with open pancreatic surgery combined with a high level of laparoscopic dexterity. It is noteworthy that both open and laparoscopic resection of insulinoma share similar operative strategy.
What can be deduced from previous studies is that laparoscopic surgical management of insulinomas is feasible and safe in selected patients in institutions that have a high volume of PanNET cases. Randomized control studies are difficult to implement due to the rarity of the disease. 
SURGICAL OPTIONS IN LAPAROSCOPY
The first laparoscopic attempts at insulinoma excision performed 20 years ago indicated that laparoscopic management was feasible and with an acceptable safety profile. 61 Since then, numerous highly specialized centers have accrued experience in advanced laparoscopic techniques in pancreatic surgery and in these places most if not all procedures can be completed laparoscopically. 51, 57, 62, 69 Pancreaticoduodenectomy remains a relative exception due to its complexity but is technically feasible in specialized institutions presenting acceptable results compared to open pancreaticoduodenectomy. 70, 71 As a result, in high volume centers laparoscopic management has become the mainstay of surgical treatment due to several factors, including shorter length of stay and better cosmetic results. Most cases in the literature involve enucleation of solitary lesions in the body or tail of the pancreas and distal pancreatectomy with or without spleen preservation. 51, 59, 62 A recent meta-analysis of large-scale studies indicated that approximately 65% of laparoscopic procedures completed were enucleations and about 34% distal pancreatectomies, the remainder being pancreaticoduodenectomy and central pancreatectomy. 19 Therefore, here we will focus on enucleation and distal pancreatectomy with or without spleen preservation in patients with sporadic insulinomas. MEN1-associated insulinomas represent a different type of surgical challenge for reasons that were alluded to previously. MEN1-associated insulinomas have a high malignancy potential and are frequently multifocal, while to a large extent there are other PanNETs concurrently present. However, several series have indicated that minimally invasive procedures can be employed with satisfactory results compared to open procedures. 51, 69, 72 Current treatment guidelines strongly recommend enucleation in sporadic solitary insulinoma with a diameter <2cm on IOUS and if structural integrity of the pancreatic duct can be maintained.
14 A 2-3mm distance from the pancreatic duct verified on IOUS is currently advised when attempting enucleation. 13, 73, 74 Larger tumors up to 3cm carry an increased risk for malignancy and increased rates of postoperative complications have been reported, thus consensus is lacking as to which approach is optimal. 57, 59, 75 Past series have reported successful application of laparoscopic techniques in the management of sporadic insulinomas located especially in the body or tail of the pancreas. 51, 60, 62, 69 Concerns giving rise to debate still persist in the management of solitary lesions located in the head of the pancreas due to complications (up to 64% may develop a fistula) after enucleation. 76, 77 A review of the literature indicates that laparoscopic enucleation when employed in selected patients is a technically feasible procedure with comparable complication rates. 51, 57, 63, 71 The most common surgical complication is pancreatic fistula (7.2% in all types of laparoscopic procedures) with the majority occurring in laparoscopic enucleations. 19 Rates of pancreatic fistula after laparoscopic enucleation for various pathologies are variable (13%-56%) and may depend on the location of the lesion and its pathology. 66, 68, 77 In early reports, proximity to major vessels such as the portal vein was considered a relative contraindication to laparoscopic enucleation. 19 Recent case reports indicate that laparoscopic enucleation is feasible even in perilous anatomic positions, such as the posterior surface of the neck of the pancreas, indicating that with increased familiarity the extent of contraindications for laparoscopic enucleation is shrinking. 78 Traditional pancreatectomies are usually carried out for solitary insulinomas when adequate distance from the pancreatic duct is not present. Distal or subtotal pancreatectomies are also performed in MEN1 procedures due to frequent multifocal disease, concurrent presence of other PanNETs and potential for underlying malignancy.
Laparoscopic spleen-preserving pancreatectomy is gaining traction as a safe procedure. 69, 79, 80 There are two approaches to spleen-preserving pancreatectomy, one entailing splenic vessel preservation and an alternative technique with splenic vessel resection. 81, 82 Due to the usually benign nature of insulinomas, splenic vessel preservation is advocated as a first-line treatment option. 80, 83 The spleen's viability in splenic vessel resection is dependent on the blood supply of the short gastric vessels. Rates of splenic infarction are more common in this type of procedure but whether there is any clinical relevance remains to be seen. [83] [84] [85] Here we briefly outline certain technical considerations which are of importance when undertaking laparoscopic management of insulinomas during enucleation and distal pancreatectomy. Due to the low frequency of laparoscopic pancreaticoduodenectomy and central pancreatectomy, these will not be elaborated upon.
TECHNICAL ASPECTS
Insulinomas of the body or tail of the pancreas
Insulinomas tend to be compact and encapsulated, presenting a clear dissection plane between the tumor and the surrounding pancreas. 27 It is important to remove the tumor with the capsule completely to prevent a local recurrence. Once the tumor has been located and the relationship to the pancreatic duct has been defined, the decision for laparoscopic enucleation or distal pancreatectomy should be made. Tumors in the anterior or inferior surface of the pancreas require minimal mobilization, while lesions in the posterior or superior surface demand adequate mobilization of the body and tail. So if the lesion is visible on the anterior surface of the pancreas and appropriate for enucleation, it is dissected from the surrounding pancreatic tissue with diathermy or laparoscopic vessel sealing device (Figure 4) . If the insulinoma is buried within the pancreas, the pancreatic tissue is opened at the appropriate site, just above the lesion, and the insulinoma is enucleated carefully, without causing any damage to the pancreatic duct. For lesions in the posterior surface, lifting of the inferior margin of the body of the pancreas is performed and if the splenic vein is in close proximity care is taken to isolate it from the tumor. Occasionally, enucleation is only possible after local resection of the adjacent portion of the vein. In this process, injury to the splenic artery must be avoided. After enucleation, the tumor bed must be examined for evidence of pancreatic duct injury. Tumors situated very distally in the splenic hilum are especially difficult to identify. In cases where visualization and ultrasound fail, a hand port can be used to allow palpation of the gland.
Insulinomas located in the distal portion of the tail of the pancreas or in very close proximity to the main pancreatic duct (<3mm) require distal pancreatectomy. 13 The technique of laparoscopic distal pancreatectomy varies widely between different centers and surgeons. Distal pancreatectomy can be combined with splenectomy and with spleen preservation with or without preservation of the splenic vessels ( Figure  5 and 6) . 81 The key vascular structures in this operation are the superior mesenteric vein, splenic vein and artery, hepatic artery and inferior mesenteric vein. The anatomic landmark for medial mobilization of the pancreas is the superior mesenteric vein (SMV). Small and distal lesions do not require formal left pancreatectomy and in these cases the pancreas may be divided medial to the SMV. Once the pancreas is free inferiorly from its peritoneal attachments, from the SMV to the splenic hilum, dissection under the pancreas may be performed. In distal pancreatectomy with splenectomy the splenic vessels are divided. The splenic artery is stapled at any point during the operation. Ideally it is ligated a few centimeters beyond its origin at the celiac axis. It is important not to injure the hepatic artery during the ligation of the splenic artery. The splenic vessels can be divided along with the pancreas or separately depending on the thickness of the pancreatic parenchyma using lineal staplers.
Spleen preserving distal pancreatectomy is cur- rently the gold standard in benign pancreatic conditions, even though they are technically demanding.
In 1996, Kimura et al described a technique of spleen preserving distal pancreatectomy with preservation of the splenic artery and vein. 82 Earlier, in 1988, Warshaw had described a technique of spleen-preserving distal pancreatectomy with transection of the splenic vessels. 81 During these operations care should be taken not to ligate the short gastric and the left gastrepiploic vessels. After dissecting the inferior pancreatic border from the retroperitoneum, visualization of the posterior surface of the pancreas is feasible. The SMV is identified as is the splenic vein since they form the portal vein. The splenic vessels have to be dissected circumferentially and have to be separated carefully from the pancreas. With the Warshaw technique, the splenic vessels are ligated at the side of the portomesenteric vein and the splenic hilum. After this procedure the sole remaining blood supply to the spleen is from the gastric and the left gastroepiploic vessels. The left gastroepiploic artery is suspected to play an important role in the prevention of postoperative ischemia of the spleen.
It is obvious that during a spleen-preserving operation the surgeon should always examine the splenic perfusion at the end of the procedure. A splenectomy has to be performed when signs of splenic ischemia are present.
INSULINOMAS OF THE HEAD OF THE PANCREAS
The excisions of insulinomas of the pancreatic head are technically more demanding. An extensive Kocher maneuver is carried out to mobilize the head of the pancreas in insulinomas on both the anterior surface and posterior surface of the head. After appropriate exposure of the pancreas IOUS is performed. IOUS is used to identify the location of the tumor and its relation to the main pancreatic duct and the SMV. For tumors of the pancreatic head a hand port may be placed in the right subcostal area to help with mobilization and gain the tactile sensation. Enucleations performed on the posterior surface of the head require extensive mobilization of the right hepatic lobe and right kidney. Lesions on the anterior surface of the head require extensive identification of various blood vessels. For lesions located along the inferior border of the head, the head is separated from the SMV and portal vein by ligating the small collaterals vessels. For tumors along the superior edge of the pancreatic head, the common hepatic artery is separated from the upper border of the pancreas. Enucleation is performed from the pancreatic parenchyma using again diathermy or laparoscopic vessel sealing device. In all of these operations, after the enucleation the tumor bed is carefully examined and a drain is left in place.
CONCLUSIONS
Insulinomas are rare tumors of the pancreas which mostly occur sporadically. They are commonly of a benign nature and respond excellently to surgical excision. From a surgical standpoint, localization of the tumor is of critical importance. Successful identification eliminates the need for blind resections of pancreatic tissue. However, no consensus has been attained for the preoperative localization of these tumors. Local availability and skill in specific invasive and non-invasive tests seem to determine the preoperative algorithm. Advances in minimally invasive surgical techniques have for the last two decades permitted the introduction of laparoscopic surgery in the treatment of this condition. Results have been encouraging and comparable to those of open surgical techniques. However, there is an absence of randomized control studies that would conclusively verify the conclusions of these studies. Another question that has not been addressed is whether these results can be reproducible in institutions that are adept in open pancreatic surgery and other advanced laparoscopic procedures but do not encounter a large number of insulinomas in their surgical workload. From a technical standpoint, the same basic principles that dictate open surgical management are applicable to laparoscopic treatment. Identification and visualization of several vital structures is mandatory as is excellent knowledge of the anatomical landmarks by the surgical team. In its current state, laparoscopic management of insulinomas is a safe and reasonable option in high volume centers specializing in laparoscopic pancreatic surgery. Availability of several preoperative imaging modalities and intraoperative US is mandatory when considering the laparoscopic approach to insulinomas. As has been the case with other advanced laparoscopic procedures, diffusion of knowledge and experience will doubtless make these types of procedures more common in the near future.
